Background: Earlier diagnosis is beneficial for the prognosis of hepatocellular carcinoma (HCC). Alpha fetoprotein (AFP) is the most widely used biomarker for HCC, but its sensitivity and specificity are only 60 and 90%, respectively. Therefore, it is of great clinical significance to identify early prognostic biomarkers for HCC, especially a blood-based biomarker as it offers several advantages over tissue-based biomarkers. Trefoil factor 3 (TFF3), a novel secretory protein, was over-expressed in HCC tissues, indicating it might be a blood-based biomarker for HCC. In addition, circulating microRNAs have been investigated as biomarkers for HCC, indicating that miR-7-5p and miR-203a-3p, which are reported or predicted to target TFF3, also hold promise as blood-based biomarkers for HCC.
Background
Hepatocellular carcinoma (HCC), the main primary liver cancers, is the third lead causes of cancer death [1] . Earlier diagnosis is benefit for the prognosis of HCC. Alpha fetoprotein (AFP) is the most widely used biomarker for HCC, but its sensitivity and specificity are only 60 and 90%, respectively [2] . Therefore, there is an urgent need to identify early prognostic biomarkers for HCC. In addition, blood-based biomarker offers several advantages over tissue-based biomarker as it is simpler and less invasive [3] .
Trefoil factor 3 (TFF3) is a novel secretory protein and plays an important role in tumor genesis and immunity [4] . Recently, over-expression of TFF3 was found in spontaneous and carcinogen-induced HCC of mice model or tissues of HCC patients and associated with higher tumor grade [5, 6] . Consistently, microarray analysis of HCC tissues from hepatitis B virus X (HBx) transgenic mice showed that the expression level of TFF3 gene was higher than AFP, suggesting that TFF3 might be as a blood-based biomarker for HCC [7] . In addition, it had been demonstrated that some circulating cancer biomarkers such as micro RNAs were from immune cells or other blood cells but not cancer tissues [8, 9] . And, their levels in blood and cancer tissues were not always consistent [8, 10] . We found that TFF3 gene was significantly down-regulated in peripheral blood samples of HCC patients by analyzing microarray data of GDS4882 including 10 patients with HCC and 10 normal subjects, which were obtained from the Gene Expression Omnibus database. Therefore, the predictive potency of circulating TFF3 for HCC needs further study. In addition, micro RNA could be as circulating biomarker as they were altered and stable in blood. Therefore, micro RNAs that target TFF3 might be also used as the biomarkers for HCC.
In this study, we investigated the plasma levels of TFF3 and miR-7-5p and miR-203-3p, which were reported or predicted to target TFF3, respectively [7, 8] . In addition, we analyzed the correlations of TFF3 with miR-7-5p or miR-203-3p, and their predictive powers for HCC by performing ROC (Receiver Operating Characteristic) curves and Binary logistical regression analysis.
Methods

Study population
In this study, we enrolled 43 HCC patients who were firstly diagnosed by computed tomography (CT) and/or magnetic resonance imaging (MRI) observations as well AFP assay and matched 47 control subjects without cancers at Second Affiliated Hospital of Dalian Medical University, Dalian China, From March 2015 to March 2016. All HCC patients were at the early stage and their blood samples (5 ml per patient) were collected before those received any treatments via a direct venous puncture and placed into tubes containing sodium citrate. To get plasma without cell pollution, all samples were first centrifuged at 3000×g for 5 min and then the layer was carefully transferred into other tubes which were centrifuged at 5000×g for 10 min. All plasma samples were stored at − 80 ∘C until use. Written consent was obtained from all subjects, and the study protocol was approved by the ethics committee of the Second Affiliated Hospital of Dalian Medical University (20180504007).
GEO analysis of TFF3 gene expression in peripheral blood samples of HCC and prediction of miRNA targeting TFF3
Microarray data of GDS4882 including 10 patients with HCC and 10 normal subjects were obtained from the Gene Expression Omnibus database. Expression of TFF3 gene in peripheral blood samples of HCC patients was analyzed. MiRNAs targeting TFF3 was predicted using the publicly available TargetScan (http://www.targetscan.org).
Assay for plasma TFF3, miR-7-5p and miR-203a-3p
We used the enzyme-linked immunosorbent assay (ELISA) kit from Elabscience to assay the level of TFF3 in the plasma of HCC patients, following the manufacturer's instructions. Absorbance was measured at 450 nm (primary wave length).
Total RNAs were isolated from the plasma samples which were firstly added with 50 pmol/L Caenorhabditis elegans miR-39 (cel-miR-39), an external reference, following the instruction of miRcute miRNA Isolation kit (TRANS GEN, Beijing, China). The cDNAs were then generated by poly-(A) tailing and reverse transcription using the miScript reverse transcription kit (TRANS GEN, Beijing, China). QPCR was conducted with the ViiA 7 Software v1.1 (Applied Biosystems) to quantify miRNAs as follows: 95°C for 5 min, followed by 40 cycles of 95°C for 15 s and 60°C for 30 s. Micro RNA assay primers used were miR-7-5p forward: 5′-TGGAAGACTAGTGA TTTTGTTGTT-3′, miR-203a-3p 5′-GTGAAATGTTTAG GACCACTAG-3′ and cel-miR-39 forward: 5′-TCAC CGGGUGUAAATCAGCTTG-3′. Negative controls using nuclease-free water were included with every real-time PCR operation and cycle threshold (CT) values ≤6 or > 35 were removed from analysis. All samples for miRs were run in one assay and all reactions were run in triplicate. Analysis of relative gene expression levels was performed using the formula 2-ΔCT with ΔCT = CT (target gene)-CT (control) [11] .
Statistical analyses
Statistical analyses were performed using SPSS 19.0. Data are presented as the mean ± SD and median for the general characteristics of the subjects. Differences among the different groups were assessed using the one-way ANOVA comparison method. Values with a p < 0.05 were considered to indicate statistical significance. The correlation of plasma TFF3 with its related micro RNAs were calculated using the Spearman correlation test. The predictive powers of plasma TFF3 with its related micro RNAs for HCC were assayed by receiver operating characteristic (ROC) and binary logistical regression analysis [11] .
Results
Baseline characteristics
Fourty-three patients with HCC and matched 47 control subjects without HCC were enrolled. Their clinical characteristics and biochemical parameters are listed in Table 1 . Age; sex; hypertension; smoking history; drinking history; Hepatitis B or Hepatitis C infection; were not different between HCC and control groups. The plasma level of AFP in HCC patients was significantly increased compared to control group. However, the level of AFP in 39.95% of HCC patients was less than its cut-off value (20 ng/ml) and the level of AFP in 8.51% of control subjects was higher than that.
Analysis of TFF3 gene expression in peripheral blood samples of HCC patients and screening of micro RNAs targeting TFF3
The expression of TFF3 gene was higher than AFP in microarray analysis of HCC tissues from HBx transgenic mice and protein level of TFF3 was higher in tissues of HCC patients [7] . In addition, TFF3 holds promising as a blood-based biomarker as it is a secretory protein. However, it was also reported that some circulating cancer biomarkers such as micro RNAs were not only from cancer tissues but also from the immune or other blood cells [8, 9] . And, their levels in blood and cancer tissues were not always consistent [10] . In this study, we also analyzed the expression of TFF3 gene in peripheral blood samples of HCC patients, the microarray data (GDS4882) was obtained from Gene Expression Omnibus database. The results showed that expression level of TFF3 gene in peripheral blood samples of HCC patients was 0.09 fold compared with that in control subjects (p < 0.01) (Fig. 1a) . MiR-7-5p has been proven to directly bind the 3'UTR of TFF3 mRNA. In addition, we screened TargetScan database, and predicted that hsa-miR-203a-3p was the only microRNA that could bind to converse site located with the 3'UTR of TFF3 mRNA (nt 414-421) with a high target score (Fig. 1b) .
The plasma levels of TFF3 and miR-7-5p, miR-203-3p and their correlations in HCC patients
To explore the biological relevance of TFF3 and its related micro RNAs in HCC, we tested plasma levels of TFF3 and miR-7-5p, miR-203a-3p in HCC patients. The results showed that the plasma level of TFF3 was markedly decreased in HCC patients compared with control subjects (25.83 ± 15.53 vs 60.91 ± 53.93 ng/ml, p < 0.01) (Fig. 2a) . In contrast, the plasma miR-203a-3p was significantly increased in patients with HCC compared with control subjects (9.57 ± 13.52 vs 1.00 ± 1.43 fold, p < 0.01) (Fig. 2c) . While, there was no significant difference in plasma miR-7-5p between HCC and control group (1.18 ± 1.13 vs 1.00 ± 0.90 fold, p < 0.01) (Fig. 2b) .
In addition, we analyzed correlations of TFF3 with miR-203a-3p and found that TFF3 negatively correlated with miR-203a-3p in the plasma of HCC patients (r = − 0.243, p = 0.020) (Fig. 2d) . 
Comparison of the predictive powers of TFF3 and miR203a-3p for HCC
We evaluated the predictive powers of plasma TFF3 and miR-203a-3p for HCC by receiver operating characteristic (ROC) and binary logistical regression analysis. The predictive power of AFP for HCC was also tested in this study, and the AUC for AFP was 0.886 (95% CI: 0.821-0.951; p = 0.00). The miR-203a displayed similar predictive potency with AFP, the AUC for miR-203a-3p was 0.860 (95% CI: 0.784-0.936; p = 0.00) and the optimal cut-off value was 1.44 fold with sensitivity and specificity of 77.3 and 75.1%, respectively (Fig. 3) . As plasma TFF3 was down-regulated in HCC patients, we used 1/TFF3 to distinguish the HCC patients and the results showed that the AUC for 1/ TFF3 was 0.763 (95% CI: 0.667-0.859; p = 0.00) and the optimal cut-off value was 35.13 ng/ml with sensitivity and specificity of 70.2 and 63.6%, respectively (Fig. 3) . Moreover, we also corroborated the discriminatory value of TFF3, miR-7-5p, miR-203a-3p, and AFP by binary logistical regression Fig. 2 The plasma levels of TFF3 and miR-7-5p, and miR-203a-3p and the correlation of TFF3 and miR-203a-3p. a The plasma level of TFF3 in HCC patients or control subjects, b T The plasma level of miR-7-5p in HCC patients or control subjects, c The plasma level of miR-203a-3p in HCC patients or control subjects, d The correlation of plasmaTFF3 and miR-203a-3p Fig. 3 The ROC analysis of the predictive power of TFF3 and miR-7-5p, and miR-203a-3p for HCC status analysis ( Table 2 ). The results showed that plasma TFF3, miR-203a-3p, and AFP were significantly correlated with HCC status (p = 0.028, p = 0.012, p = 0.037, respectively).
Discussion
TFF3 plays an important role in promoting proliferation and migration in many tumor cells such as mammary, prostate carcinoma and HCC cells [12] [13] [14] . Over-expression of TFF3 was found in HCC tissues and positively correlated with tumor size and stage [14] [15] [16] . TFF3 could promote angiogenesis in mammary carcinoma or in human umbilical vein endothelial cells via up-regulation of vascular endothelial growth factor (VEGF) [17, 18] . In addition, over-expression of TFF3 facilitated the doxorubicin resistance in gastric cancer and HCC cells, which limited the efficacy of chemotherapeutic treatment of HCC [19, 20] . Moreover, microarray analysis of HCC tissues from HBx transgenic mice showed that expression levels of TFF3 gene was higher than AFP, which was widely used as biomarker for HCC, indicating that TFF3 could be as biomarker for HCC [7] . Moreover, TFF3 holds promising as blood-based biomarker as it is secretory protein. Interestingly, we found the plasma level of TFF3 was reduced in HCC patients. Consistently, expression of TFF3 gene was down-regulated in peripheral blood samples of HCC patients by analyzing microarray data of GDS4882, which were obtained from Gene Expression Omnibus database, indicating that the plasma TFF3 might be secreted from immune cells or other blood cells.
Similarly, miRNAs with a relatively low expression in cancer tissue are abundantly expressed in plasma or serum of gastric cancer patients [8] . It has been demonstrated that only a small subset of circulating miRNAs are secreted from tumor and most of them are produced by immune and other blood cells [8] [9] [10] . In this study, we also investigated circulating miR-203a-3p, which was predicted to target TFF3 by bioinformatics analysis and found that miR-203a-3p was up-regulated and negatively correlated with TFF3 in the plasma of HCC patients. However, miR-203 was down-regulated in HCC tissue [19] . Low level of miR-203a was also found in many other types of tumor such as breast cancer and colorectal cancer, which was also positively correlated with proliferation, migration, invasion and angiogenesis [21] [22] [23] [24] .
In addition, miR-122 was down-regulated in HCC tissues and cancer cell lines [25] but up-regulated in the serum of HCC patients [7] . Previous observations also showed that only a few differentially expressed miRNAs were common to tumors and serum [26] . Therefore, the plasma miR-203 might be from the immune cells or other blood cells but not HCC tissues.
The abilities of TFF3 and miR-203 in regulating immune response are also found, which might participate in the development of HCC. It has been demonstrated that TFF3 could activate nuclear factor kappa B (NF-κB) in intestinal epithelial cells to produce pro-inflammatory cytokines [27] . Furthermore, TFF3 also acts as a negative regulator of T-cell immunity by induction of the expression of decay accelerating factor [28] . Therefore, low level of TFF3 in plasma or peripheral blood might exert an immunosuppressive effect and favor the development of HCC. MiR-203 could inhibit the inflammatory response induced by lipopolysaccharide in macrophage [29] . In addition, miR-203 was also found to inhibit the expression of TLR4 and production of tumor necrosis factor-α and interleukin-12 in dendritic cells [30] . Moreover, miR-203 could suppress the production of inflammatory cytokines and thereby prevented mounting of a full immune response [31] . Those data indicated that high level of plasma miR-203 might also inhibit immune response against HCC. The immune-regulatory roles of TFF3 or miR-203 need further study.
In addition, miR-7-5p was reported to target TFF3 in inflammatory bowel disease [32] . MiR-7 was down-regulated in HCC tissues and the low expression of miR-7 positively correlated with tumor size [33] . It was found that miR-7 inhibited proliferation of HCC via targeting Kruppel-like factor 4 [34] . However, our data showed that there was no significant difference of plasma miR-7-5p between HCC and control group. We further evaluated the predictive powers of plasma TFF3 and miR-203a-3p for HCC and they showed a highly significant diagnostic value for HCC. Notably, TFF3 and miR-203a-3p were altered in many other tumors, indicating that they might be as additional biomarkers for HCC.
Notably, there are some limitations in this study. For example, the plasma levels of TFF3 and miR-203a-3p and their predictive potencies were tested for HCC, but they might be also changed in many other tumors. Therefore, they might only be used as additional biomarkers for HCC. In addition, the sample size was small and need larger studies from multiple centers.
Conclusion
Decrease of TFF3 correlated with increase of miR-203a-3p in the plasma HCC patients and they could be as additional biomarkers to improve sensitivity and specificity in the diagnosis of HCC. 
